A novel Gram-staining-negative, short rod, non-motile, non-spore-forming, aerobic bacterium, designated strain YIM M12096 T , was isolated from deep-sea sediment collected from the Indian Ocean. Optimal growth conditions of the strain were observed at 25-30 C, pH 6.0 and in the presence of 3-5 % (w/v) NaCl. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain YIM M12096
writing, there are 36 species of the genus Mesorhizobium with validly published names (http://www.bacterio.net). Their isolation source has been for the most part the root nodules of various leguminous plants. In this paper, we describe a novel strain, designed YIM M12096 T , isolated from deep-sea sediment of the Indian Ocean. Taxonomic characterization by using a polyphasic approach indicates that the strain should be a representative of a novel species within the genus Mesorhizobium.
Deep-sea sediments were sampled from the north part of the Indian Ocean (10.0037 S 88.7280 E) during July 2013. The sediments were treated by serial dilution technique, plated on modified YIM #38 agar medium with the following composition (g 1 -1 distilled water unless otherwise stated): yeast extract, 4; glucose, 4; malt extract, 3; B-vitamin solution 1 ml (0.5 mg each of thiamine-HCl, riboflavin, niacin, pyridoxin, calcium pantothenate, inositol, p-aminobenzoic acid and 0.25 mg biotin); sea salt, 13; agar, 12; pH 7.2, and incubated at 28 C for 2 weeks. Strain YIM M12096 T , obtained from the above isolation plates, was routinely cultivated on modified YIM #38 agar medium at 28 C and stored as glycerol suspensions (20 %, v/v) at À80 C.
Cultural characteristics of strain YIM M12096 T were tested on trypticase soy agar (TSA; Difco), Luria-Bertani (LB; Oxoid) agar, MSTY agar (Ghosh & Roy, 2006) , 2216 marine agar (MA; Difco), nutrient agar (NA; Difco) and yeast extractmannitol agar (YMA; Difco). Microscopic observation of strain YIM M12096
T was performed under a light microscope (BH2; Olympus) and a scanning electron microscope (SEM, Quanta 200; FEI) using cultures grown on TSA (3 days, 28 C). Physiological parameters such as growth temperature (4, 10, 15, 20, 25, 28, 37 and 40 C) and tolerance to NaCl (0-10 %, w/v, at intervals of 1 %) were tested on TSA. The pH range for growth [pH 4.0-10 .0, at intervals of 1.0 pH unit maintained using the buffer system described by Xu et al. (2005) ] was examined in tryptic soy broth (TSB) at 28 C for 3 weeks. catalase, urease, oxidase and lipase (Tweens 20, 40, 80) activities, and hydrolysis of starch and cellulose were performed as described by Lai et al. (2009) . Other biochemical tests were carried out by using API 20NE and API ZYM strips (bioM erieux) and the GEN III MicroPlate system (Biolog) according to the manufacturers' instructions. Antibiotic susceptibility tests were performed by the disc diffusion method as described by Lai et al. (2009) 
Strain YIM M12096
T could grow well on TSA and MSTY agar, but poor or no growth were observed on LB agar, 2216 marine agar, NA and YMA media. Being an optimum growth medium, TSA was further used as basal growth medium for observation of morphological and physiological characteristics unless otherwise stated. Strain YIM M12096
T formed rough and dry colonies measuring 0.5-1.0 mm in diameter. Cells of strain YIM M12096
T were short rods (0.3-0.6Â1.5-2.0 µm, Fig. S1 , available in the online Supplementary Material), aerobic, non-spore-forming and non-motile. Growth of strain YIM M12096 T occurred at 10-37 C, pH 5-9 and in the presence of 0-7 % (w/v) NaCl, with optimum growth observed at 25-30 C, pH 6 and with 3-5 % NaCl (w/v), respectively. The strain was observed to be Gram-staining-negative. The strain tested positive for catalase and oxidase activities while negative for urease and lipase activities, and hydrolysis of starch and cellulose. Detailed phenotypic characteristics of strain YIM M12096
T are listed in the species description while the distinguishing biochemical characteristics from the results of API 20NE and API ZYM strips and Biolog GEN III MicroPlates are given in Table 1 . The strain is sensitive to the following antibiotics (µg per disc, unless otherwise stated): amikacin (30), cefuroxime sodium (30), chloramphenicol (30), ciprofloxacin (5), gentamicin (10), polymyxin B (300 IU), and piperacillin (100) and tetracycline (30), but resistant to oxacillin (1).
Extraction of genomic DNA as described by Ausubel et al. (1995) and amplification of the 16S rRNA gene were performed as described previously (Liu & Shao, 2005) . The amplified PCR product was purified and cloned into Trans1-T1 chemically competent cells using pEASY-T1 vector (Transgen Biotech). The clones of strain YIM M12096
T were sequenced by Sangon Biotech (Shanghai, China). The sequences obtained were quality-checked, assembled and submitted to thr Ez-Taxon-e server (http://eztaxon-e.ezbiocloud.net/) for phylogenetic analysis. Sequences of related taxa were retrieved from the EzTaxon database. Phylogenetic dendrograms were generated with three tree-making algorithms: neighbour-joining (NJ; Saitou & Nei, 1987) , maximum-parsimony (MP; Fitch, 1971) and maximum-likelihood (ML; Felsenstein, 1981) by using MEGA version 6.0 software package (Tamura et al., 2013) after multiple alignment of the data. Evolutionary distance matrices (distance options according to Kimura's two-parameter model) were generated as described by Kimura (1980) and the tree topology assessed by bootstrap analyses (Felsenstein, 1985) based on 1000 replications. It has been reported that large-scale phylogenies of core metabolic genes as a whole are consistence with the corresponding 16S rRNA gene sequence-based phylogenies (Eisen, 1995; Young, 1998; Gaunt et al., 2001) . Therefore, to further verify the phylogenetic relationships of strain YIM M12096
T the sequence of the housekeeping gene recA of strain YIM M12096
T was also analysed with sequences of related type strains retrieved from the GenBank database. DNA-DNA hybridization experiments were performed according to method of De Ley et al. (1970) , with modifications described by Huss et al. (1983) . The DNA G+C content of the genomic DNA was determined using HPLC (Mesbah et al., 1989) .
Phylogenetic analysis of the nearly full-length 16S gene sequence (1488 bp) of strain YIM M12096
T showed that the strain shared closed similarities to N. indicus C115 T (97.4 % 16S rRNA gene sequence similarity) and members of the genus Mesorhizobium (96.9-97.3 %; highest similarity of 97.3 % with M. thiogangeticum SJT T ). The strain, however, formed a robust clade with members of the genus Mesorhizobium in the phylogenetic dendrogram generated with the NJ method (Fig. 1) . This relationship is supported by the dendrograms generated by MP and ML methods. Phylogenetic analysis based on the recA gene sequences also showed similar evolutionary relationship of strain YIM M12096
T with members of the genus Mesohizobium (Fig. 2) T (40.5 % and 36.7 %, respectively), which were below the 70 % cut-off point recommended for the delineation of genomic species (Wayne et al., 1987) . The DNA G+C content of strain YIM M12096
T was 65 mol%.
Cellular fatty acids compositions of strain YIM M12096 T , N. indicus CCTCC AB209298
T and M. thiogangeticum DSM 17097 T were determined using cells grown on TSA at 28 C for 2 days. Fatty acid methyl esters were prepared as described by Sasser (1990) , analysed by GC and identified using the Sherlock Microbial Identification system (Microbial ID). Polar lipids were extracted using a chloroform/methanol system and identified using two-dimensional TLC, as described by Torreblanca et al. (1986) . Menaquinones were extracted according to the method of Collins et al. (1977) and separated by HPLC (Tamaoka et al., 1983) .
The major fatty acids (>5 %) detected for strain YIM M12096
T were summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c, 52.1 %), 11-methyl-C 18 : 1 !7c (17.6 %), cyclo-C 19 : 0 !8c (14.4 %) and iso-C 17 : 0 (7.9 %) ( Table S1 ). The polar lipid profile of strain YIM M12096
T consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, an unidentified aminophospholipid and an undentified phospholipid (Fig. S2) . The respiratory quinone of strain YIM M12096
T was Q-10.
The genus Mesorhizobium contains summed feature 8, C 16 : 0 , 11-methyl C 18 : 1 !7c and cyclo-C 19 : 0 !8c as its predominant fatty acids (Tighe et al., 2000; Zheng et al., 2013) , and differs from the members of the genus Nitratireductor by the presence of 11-methyl C 18 : 1 !7c (Labb e et al., 2004) . Fatty acid profiles typical of the genus Mesorhizobium [summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c, 52.1 %), 11-methyl C 18 : 1 !7c (17.6 %) and cyclo-C 19 : 0 !8c (14.4 %)] were observed in our study, while differentiating from the genus Nitratireductor by the presence of 11-methyl C 18 : 1 !7c (Table S1 ). The affiliation of the novel strain to the genus Mesorhizobium was further confirmed by the phylogenetic analyses based on 16S rRNA gene and recA sequences (Figs 1 and 2 ). In addition to low DNA-DNA relatedness values, strain YIM M12096 T could be distinguished from the phylogenetically related species by many physiological and biochemical characteristics as listed in Tables 1 and S2 . It is therefore considered that strain YIM M12096 T represents a novel species of the genus 
Mesorhizobium, for which the name Mesorhizobium sediminum sp. nov. is proposed.
Description of Mesorhizobium sediminum sp. nov.
Mesorhizobium sediminum (se.di.mi¢num. L. gen. pl. n. sediminum of sediments, pertaining to source of the isolate).
Cells are Gram-staining negative, short rods (measuring 0.3-0.6Â1.5-2.0 µm in diameter), aerobic and non-sporeforming. Growth occurs at 10-37 C, pH 5.0-9.0 and in the presence of 0-7 % NaCl. Positive for catalase and oxidase activities, but negative for urease, lipase and hydrolysis of starch and cellulose. Positive for acid production from Dmannitol and gelatin hydrolysis tests but negative for indole production and nitrate reduction. Utilizes L-alanine, L-aspartic acid, L-serine, L-malic acid, acetic acid, D-fucose, acetoacetic acid, D-mannitol, D-fructose and D-arabitol, but not dextrin, -trehalose, gentiobiose, -turanose, stachyose, -raffinose, a-Dlactose, -melibiose, N-acetyl-neuraminic acid, fusidic acid, D-serine, D-sorbitol, myo-inositol, mucic acid, bromosuccinic acid, a-hydroxybutyric acid, formic acid, aztreonam, sodium butyrate or sodium bromate. Positive for alkaline phosphatase, esterase lipase (C8), glycerol, D-ribose, D-xylose, L-xylose, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-glucosidase and naphthol-AS-BI-phosphohydrolase activities, but negative for lipase (C14), T and related species. Numbers at the nodes are bootstrap values (>50 %) using 1000 replicates. Asterisks indicate branches that were also recovered using the MP and ML methods. Bradyrhizobium ganzhouense RITF806 T was used as outgroup. Bar, 0.01 substitutions per nucleotide position. Different isolation source was indicated using parting line. a-chymotrypsin, acid phosphatase, a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and b-fucosidase activities. The major fatty acids (>10 %) are summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c), 11-methyl-C 18 : 1 !7c and cyclo-C 19 : 0 !8c, while the polar lipids consist of phosphatidylglycerol, diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, an unidentified aminophospholipid and an unidentified phospholipid. The respiratory quinone is Q-10.
The type strain, YIM M12096 T (=CCTCC AB 2014219 T =KCTC 42205 T ), was isolated from deep-sea sediment collected from the Indian Ocean. The DNA G+C content of the type strain is 65 mol%.
